Our purpose is to evaluate the effects of anthropogenic fragmentation on the patterns of genetic variation and connectivity in populations of Q. saponaria . For this reason, we isolated and characterized 12 nuclear microsatellite loci that are being successfully applied to describe spatial patterns of genetic structure. These are the fi rst microsatellite markers developed for a Quillaja Molina species .
METHODS AND RESULTS
Microsatellite isolation was performed by the simple sequence repeat (SSR) development company Genetic Marker Services (Brighton, United Kingdom; www.geneticmarkerservices.com ). Genomic DNA was extracted from a single Q. saponaria (Qsa) individual collected in the locality of Coya, near the city of Rancagua, O'Higgins Region, Chile (locality 5 in Appendix 1), using a modifi ed cetyltrimethylammonium bromide (CTAB) protocol described by Doyle and Doyle (1990) , and used to develop an enriched library to isolate microsatellite (SSR)-containing loci. Enrichment involved incubating adapter-ligated restricted DNA with fi lter-bonded synthetic repeat motifs: (AG) 17 , (AC) 17 , (AAC) 10 , (CCG) 10 , (CTG) 10 , and (AAT) 10 . Thirty-two motifpositive Escherichia coli JM109 clones were detected and sequenced, of which 23 contained exploitable repeat motifs with suffi cient fl anking regions to design forward/reverse primer pairs. The online primer design software Primer3 ( Rozen and Skaletsky, 1999 ) was used to develop primer pairs amplifying fragments ranging in size from 100 to 250 bp, to help minimize later multiloading overlap ambiguities during sequencer genotyping. The primers were then tested for successful amplifi cation on one individual from each of seven populations, chosen to represent the whole latitudinal range of the species' distribution (Cuesta el Espino, Cuesta Los Cristales, Santa Marta, Fundo La Rosa, La Gatera, San Fabián de Alico, and Santa Bárbara; Appendix 1), using a touchdown PCR protocol. PCR amplifi cations were performed in a 25-μ L fi nal volume containing 7 pmol of each primer, 1. • Premise of the study: Microsatellite primers were developed for the endemic Chilean tree Quillaja saponaria (Quillajaceae), a common member of the sclerophyllous Mediterranean forest, to investigate intraspecifi c patterns of genetic diversity and structure.
• Methods and Results: Using an enriched library, 12 polymorphic microsatellite loci were developed in Q. saponaria . All loci consisted of dinucleotide repeats. The average number of alleles per locus was 5.3 (2-13), with a total of 64 alleles recorded in 39 individuals from three populations.
• Conclusions: The microsatellite markers described here are the fi rst characterized for Q. saponaria . The polymorphic loci will be useful in studies of genetic diversity and genetic population differentiation in natural populations of this species.
0.2 mM of each dNTP, 1 × PCR buffer, 0.8 μ g/ μ L bovine serum albumin (BSA), 0.5 units Taq polymerase (Promega Corporation, Madison, Wisconsin, USA), and 1.5 μ L of DNA diluted 20-fold. For all loci, the same touchdown PCR program was used, consisting of 32 cycles with denaturation at 95 ° C for 60 s; annealing for 60 s with temperature decreasing 1 ° C every two cycles from 64 ° C to 59 ° C (12 cycles), then 10 cycles at 58 ° C, and 10 cycles at 57 ° C; elongation at 72 ° C for 60 s; and a fi nal extension at 72 ° C for 5 min. Products were checked for specifi city and polymorphism on a cooled high-resolution agarose gel, consisting of 4% MetaPhor (Lonza, Basel, Switzerland) agarose in TAE, run in a cold room at 10 ° C. Sixteen loci showed clear and specifi c bands with size variation among the seven individuals assayed ( Table 1 ) . Of these, the 12 with the highest degree of apparent polymorphism were chosen for fl uorescent labeling ( Table 1 ) .
To determine the number of alleles, expected and observed heterozygosity, and to test for deviations from Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium, we tested the 12 fluorescent-labeled primer pairs on 39 individuals from three different populations, situated in the northern and southern parts of the species' range (i.e., Angostura, Astillero, and Cuesta Batuco; localities 1, 8, and 9 in Appendix 1). The PCR amplifications were performed with the Platinum Multiplex PCR Master Mix (Applied Biosystems, Carlsbad, California, USA) using three mixes, each with four fl uorescent-labeled primers (Applied Biosystems, Warrington, United Kingdom; Table 1 ): Mix 1 (Qsa7, Qsa11, Qsa13, Qsa24), Mix 2 (Qsa16, Qsa17, Qsa18, Qsa70), and Mix 3 (Qsa19, Qsa26, Qsa28, Qsa66). The PCR amplifications were performed in a 5-μ L final volume containing final concentrations of 1 × Platinum Multiplex PCR Master Mix, 2 mM of additional MgCl 2 , 0.10 μ M of primer mix, and 20 ng of template DNA, with the following cycling conditions in all cases: an initial heat activation at 94 ° C for 5 min; followed by a touchdown PCR consisting of 32 cycles with denaturation at 95 ° C for 60 s; annealing for 60 s with temperature decreasing 1 ° C every two cycles from 64 ° C to 59 ° C (12 cycles), then 10 cycles at 58 ° C and 10 cycles at 57 ° C; elongation at 72 ° C for 60 s; and a fi nal extension at 72 ° C for 5 min. The PCR products (2 μ L) were mixed with 10 μ L of Hi-Di formamide and 0.3 μ L of GeneScan 600 LIZ Size Standard before analysis on an automatic ABI-PRISM 3100-Avant sequencer (Applied Biosystems, Carlsbad, California, USA). Fragment analysis and fi nal sizing were performed using Peak Scanner software (version 1.0; Applied Biosystems, Carlsbad, California, USA).
The number of alleles, expected and observed heterozygosity, and the signifi cance of the deviations from HWE and linkage equilibrium were estimated with Arlequin 3.5.1.2 ( Excoffi er et al., 2005 ) . The average of the total number of alleles per locus was 5.3, with a range between two (Qsa24) and 13 (Qsa19). Signifi cant deviations from expectations under HWE after a Bonferroni correction for multiple comparisons were found in three loci from population Astillero, and in two loci from Cuesta Batuco, probably due to the small sample sizes or to the presence of null alleles, particularly in the case of the heterozygote defi cits observed at loci Qsa26 and Qsa66 in population Astillero and at Qsa66 in Cuesta Batuco ( Table 2 ) . No instances of signifi cant linkage disequilibrium were found among pairs of loci after Bonferroni correction.
CONCLUSIONS
The 12 microsatellite loci characterized here for Q. saponaria are the fi rst developed for this species and genus. These markers will be useful in studies of the population genetic diversity and structure of the species for the purpose of conservation under a scenario of land use and climate change. Note : A = number of alleles sampled; H e = expected heterozygosity; H o = observed heterozygosity; HWE = P values of the exact test of Hardy-Weinberg equilibrium; n = number of individuals sampled.
a See Appendix 1 for geographic coordinates and voucher information. All three populations are located in Chile. * Locus showed signifi cant deviations from Hardy-Weinberg equilibrium, after Bonferroni correction ( P < 0.001).
